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^ (57) Abstract: A nitride based 3-5 group compound semiconductor light emitting device comprising: a substrate; a buffer layer 
1^ formed above the substrate; a first In-doped GaN layer formed above the buffer layer; in In^Gai-xN/InyGai.yN super lattice structure 
O layer formed above the first In-doped GaN layer; a first electrode contact layer formed above the In^iGai-^N/InyGai.yN super lattice 
O structure layer; an active layer formed above the first electrode contact layer and functioning to emit light; a second In-doped GaN 

layer; a GaN layer formed above the second In-doped GaN layer; and a second electrode layer formed above the GaN layer. The 
Q present invention can reduce crystal defects of the nitride based 3-5 group compound semiconductor light emitting device and im- 
^ prove the crystallinity of a GaN based single crystal layer in order to improve the performance of the light emitting device and ensure 

the reliability thereof. 
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A LIGHT EMITTING DEVICE USING NITRIDE SEMICONDUCTOR AND 
FABRICATION METHOD OF THE SAME 

Technical Field 

The present invention relates to a nitride based 3-5 
group compound semiconductor. More particularly, the present 
invention relates', to a nitride based 3-5 group compound 
semiconductor light emitting device and a fabrication method 
thereof capable of reducing crystal defects originated from 
the mismatch of thermal expansion coefficient and lattice 
constant between a substrate and a GaN based single crystal 
layer grown thereon as well as improving the crystallinity of 
the GaN based single crystal layer in order to improve the 
performance of the light emitting device and ensure the 
reliability thereof. 

Background Art 

GaN-based semiconductors are generally applied to 
optical devices such as a blue/green LED and high-speed 
switching and high-power electronic devices such as a Metal 
Semiconductor Field Effect Transistor (MESFET) and a High 
Electron Mobility Transistor (HEMT) . In particular,, 

blue/green LEDs have been mass produced lately, and their 
worldwide demand is rising sharply. 

A GaN-based semiconductor light emitting device is 
typically grown on a substrate of sapphire or SiC. Then, a 
polycrystalline layer of AlyGai-yN is grown as a buffer layer 
on the sapphire or SiC substrate at a low growth temperature. 
At a higher temperature, an undoped GaN layer and a Si-doped 
n-type GaN layer or a mixed structure thereof are ' grown on 
the buffer layer to provide the n-type GaN layer as a first 
electrode contact layer. Then, a Mg-doped- p-type layer -1-s- 
formed as a second electrode contact layer thereon to produce 
a nitride based 3-5 group compound semiconductor light 
emitting device. In addition, an active layer (of a multiple 
quantum well structure) is interposed between the n-type 

1 
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first electrode contact layer and the p-type second electrode 
contact layer.— •-. 

In the nitride based 3-5 group compound semiconductor 
light emitting device of this structure, crystal defects 
5 found in the interface between the substrate and the buffer 
layer have a very high value of about 10^ /atf. As a result, 
this degrades electrical characteristics of the nitride based 
3-5 group compound semiconductor light emitting device, and 
more particularly, increases leakage current under reverse 

10 . bias conditions, thereby causing a fatal effect to the 
reliability of the light emitting device. 

In addition, the crystal defects created in the 
interface between the substrate and the buffer layer degrades 
the crystallinity of the active layer, and therefore 

15 disadvantageously lowers the luminous efficiency of the 
nitride based 3-5 group compound semiconductor light emitting 
device. 

In the meantime, in order to improve the performance 
and reliability of the GaN-based semiconductor light emitting 
20 device, researches have been made for new buffer layers and 
various fabrication methods of GaN-based semiconductors have 
been studied. 

Disclosure of the Invention 

25 The present invention has been made to solve the 

foregoing problems of the prior art and it is therefore an 
object of the present invention to provide a nitride based 3- 
5 group compound semiconductor light emitting device and a 
fabrication method thereof capable of reducing crystal 

30 defects of a GaN based . single crystal layer as well as 
improving its crystallinity in order to improve the 
performance and reliability thereof.. 

It is another object of. the present invention to 
provide a nitride based 3-5 group compound semiconductor 

35 light emitting device and a fabrication method thereof 
capable of practically realizing high brightness performance 
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from an active layer of only a single quantum well structure. 

According to an aspect of the invention for realizing 
the above objects, there is provided A nitride based 3-5 
group compound semiconductor . Light emitting device 
comprising: a substrate; a buffer layer formed above the 
substrate; a first In-doped GaN layer formed above the buffer 
layer; an InxGai-xN/InyGai.yN super lattice structure layer 
formed above the first In-doped GaN layer; a first electrode 
contact layer formed above the InxGai-xN/InyGai-yN super 
lattice structure layer; an ' active layer formed above the 
first electrode contact layer and functioning to emit light; 
a second In-doped GaN layer; a GaN layer formed above the 
second In-doped GaN layer; and a second electrode contact 
layer formed above the GaN layer. 

Accprding to another aspect of the invention for 
realizing the above objects, there is provided A nitride 
based 3-5 group compound semiconductor light emitting device 
comprising: a substrate; a buffer layer formed above the 
substrate; a first In-doped GaN layer formed above the buffer 
layer; a first electrode contact layer formed above the first 
In-doped GaN layer; an active layer formed above the first 
electrode contact layer and functioning to emit light; a GaN 
layer formed above the active layer; and a second electrode 
contact layer formed above the GaN layer. 

According to further an aspect of the invention for 
realizing the above objects, there is provided A nitride 
based 3-5 group compound semiconductor light emitting device 
comprising: a substrate; a- buffer layer formed above the 
substrate; a first electrode contact layer formed above the 
GaN buffer layer; an active layer formed above the first 
electrode contact layer, and including a low mole In-doped 
InxGai-xN layer, an InyGai-yN well layer and an InzGai-zN barrier 
layer; a GaN layer formed above the active layer; and a 
second electrode contact layer formed above the GaN layer. 

According to still another aspect of the invention for 
realizing the above objects, there is provided A fabrication 
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method of a nitride based 3-5 group compound semiconductor 
light emitting device-, comprising: forming a buffer * layer 
above a substrate; forming a first In-doped GaN layer above 
the buffer layer; forming a first electrode contact layer 
above the first In-doped GaN layer; forming an active layer 
for emitting light above, the first electrode contact layer; 
forming a GaN layer above the active layer; and forming a 
second electrode contact layer above the GaN layer. 

The advantage of the present invention is to reduce 
crystal defects of a GaN based single crystal layer as well 
as improve its crystallinity, thereby improving the 
performance and reliability thereof. 

As another advantage, the present invention can 
practically realize high brightness performance from an 
active layer of only a single quantum well structure. 

Brief Description of the Drawings 

FIG. 1 illustrates .a structure of a nitride based 3-5 
group compound semiconductor ' light emitting device according 
to a first embodiment of the present invention; 

FIG. 2 illustrates a structure of a nitride based 3-5 
group compound semiconductor light emitting device according 
to a second embodiment of the present invention; 

FIG, 3 illustrates a structure of a nitride based 3-5 
group compound semiconductor light emitting device according 
to a third embodiment of the present invention; and 

FIG. 4 illustrates a structure of a nitride based 3-5 
group compound semiconductor light emitting device according 
to a fourth embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

Hereinafter, preferred embodiments of the present 
invention will be described in detail with reference to 
accompanying drawings . 

While preferred embodiments of the present invention 
will be described in reference with the accompanying 
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drawings, it is apparent to those skilled in the art that the 
principle of the . present invention is not limited by the 
disclosed embodiments thereof, but can be readily modified 
into various alternatives through the addition, variation and 
omission of components. 

First Embodiment 

FIG. 1 illustrates a structure of a nitride based 3-5 
group compound semiconductor light emitting device according 
to a first embodiment of the present invention. 

As shown in FIG. 1, a nitride based 3-5 group compound 
semiconductor light emitting device has a cross-sectional 
structure including a buffer layer 104 grown on a substrate 
102, a first, electrode contact layer 108 made of an n-type 
GaN layer (codoped with Si and In) and a second electrode 
contact layer 120 of an InxGai-xN/IriyGai-yN super lattice 
structure. Herein, the first and second electrode contact 
layers 108 and 120 are. provided with electrodes (not shown), 
respectively, in following process steps so that external- 
voltage can be applied thereto via the electrodes. 

The nitride based 3-5 .group compound semiconductor 
light emitting device of the present invention also has an 
active layer 116 of a quantum well structure which is 
interposed between the first electrode contact layer 108 and 
the second electrode . contact layer 120 to form a hetero- 
structure. The active layer 116 includes a low mole In-doped 
GaN layer 110, an In^Gai-yN well layer 112 and an InxGai-xN 
barrier layer 114. 

In addition, . the nitride based 3-5 group compound 
semiconductor light emitting device also has an In-doped GaN 
layer 106 formed between the buffer layer 104 and the first 
electrode contact layer 108 and a p-type GaN layer 118 formed 
between the InxGai-xN barrier layer 114 and the second 
electrode contact layer 120. 

A fabrication method of the nitride-based 3-5 group 
compound semiconductor light emitting device of the present 
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invention will be described as follows: 

First, a GaN buffer layer 104 is formed on a sapphire- 
substrate 102 at a low growth temperature. Then, the buffer 
layer 104 of the GaN-based semiconductor may be grown into an 
5 InGaN/GaN super lattice structure and a structure of InxGai- 
xN/GaN and AlxInyGai.x,yN/InxGai-xN/GaN at the low growth 
temperature. 

The buffer layer 104 formed on the substrate 102 as 
above can efficiently restrain crystal defects induced from 

10 the mismatch of thermal expansion coefficient and lattice 
constant between the substrate 102 and a GaN-based single 
crystal layer grown on the substrate 102, thereby producing a 
high quality GaN-based semiconductor. 

More particularly, in the process step of growing the 

15' GaN buffer layer 104, H2 and Na* carrier gases, TMGa, TMIn and 
TMAl sources and NH3 gas ar:e fed at a temperature of about 
500 to 700t: to grow the GaN buffer layer 1041 

Then, an In-doped GaN layer 106 and a GaN layer 108 
containing Si and ,In codoped therein are grown on the buffer 

20 layer 104 at a high growth temperature. Herein the Si/In- 
codoped GaN layer 108 is used as a first electrode contact 
layer. 

More particularly, in the process step of growing a GaN 
based single crystal layer of the GaN-based semiconductor, 
25 the GaN based single crystal layer is grown by feeding TMGa, 
TMIn and TMAl sources at a temperature of about 1900 to 1100"C 
with an MOCVD apparatus, in which SiH4 gas may be used as a 
Si doping source, and TMIn may be used as an In doping 
source. 

30 The active layer 116 for emitting light in a desired 

wavelength range includes a single quantum well. More 
particularly, the low mole In-doped GaN layer 110 of the 
active layer 116 is grown in the range of 10 to 500 A. More 
preferably, the low mole In-doped GaN layer 110 is grown to a 

35 thickness in the range of 50 to 300 A. The content of the 
low mole In-doped GaN layer may be expressed as InxGai-xN (0 < 

6 
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X ^0.2). Then, a quantum well layer of an InyGai-yN well 
layer 112 and an In^Gai-zN barrier layer 114 of different In 
content is grown on the low mole In-doped InxGai-xN layer 110 
to form the active layer. 

In the process step of growing a single quantum well 
structure of the active layer 116, the low mole In-doped 
InxGai-xN layer 110, the InyGai-yN well layer 112 (0 < y ^0.35) 
and the IngGai^zN barrier layer 114 (0 < z^O.2) are grown by 
flowing TMGa, TMIn and TMAl sources on N2 or H2+N2 carrier gas 
in NH3 atmosphere. In this case, the low mole In-doped 
InxGax-xN layer 110 has a thickness of about 10 to 500 A, and 
its surface is uniformly grown in a spiral mode. Further, at 
a surface growth temperature of about 700 to 800'C-, the InGaN 
well layer 112 for emitting light is grown to a thickness of 
5 to 3.0A and the InGaN barrier layer 114 is grown to a 
thickness of 50 to 500A. 

In addition, in order to realize high brightness light 
emitting device performance., it is necessary to maintain the 
uniform spiral mode from the surface of the low mole In-doped 
InxGai-xN layer 110 to the InGaN barrier layer. 114. If above 
growth conditions are satisfied, a practical high brightness 
light emitting device can be fabricated through the formation 
of an active layer having a single quantum well structure as 
well as having a multiple quantum well structure. Of course, 
the multiple quantum well structure can be adopted in cases 
that other parts are the same. 

In the meantime, the content distribution of dopant in 
the low mole In-doped InxGai-xN . layer 110, the InyGai-yN well 
layer 112 and the IrizGai-zN barrier layer 114 can be adjusted 
as follows: The In content of the low mole In-doped InxGai-xN 
layer 110 is adjusted to be lower than that of the IhzGaa-zN 
barrier layer 114. The doped In contents x, y and z may be 
expressed as 0 < x < 0.05, 0 < y < 0.3, and 0 < 2 < 0.1. 

After the active layer for emitting light is grown 
according to the above-described process steps, temperature 
is elevated to grow the Mg-doped p-type GaN based single 
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crystal layer 118 in H2, N2 and H2+N2 gases and under NH3 
atmosphere. The p-type GaN layer 118 is grown to a thickness 
of about 500 to 5000A at a growth temperature of about 900 

to i02ot:. 

Upon the growth of the p-type GaN layer 118, the second 
electrode contact layer 120 of an InxGai^^N/InyGai-yN super 
lattice structure (0 < x ^0.2, and 0 < y ^0.2) is grown on 
the p-type GaN layer 118. The InxGai-xN/InyGai-yN super lattice 
structure imparts efficient current spreading to the second 
electrode contact layer 120. The electrode of the second 
electrode contact layer can be advantageously obtained from 
electrode metal the same as that of the first electrode 
contact layer 108. 

According to • the nitride based 3-5 group compound 
semiconductor light emitting device of this embodiment, the 
first electrode contact layer 108 is formed of an n-type 
electrode contact layer and the second electrode contact 
layer 120 is formed of a n-type electrode contact layer. 
Since high contact resistance is originated from the low Mg 
doping efficiency of a p-type GaN layer used as a second 
electrode contact layer in a conventional nitride based 3-5 
group compound semiconductor light emitting device having 
first and second electrode contact layers in the form of n- 
type and p-type electrode contact layers, this embodiment can 
overcome the high contact resistance and remove a resultant 
current spreading layer.. 

Regarding the relation with the p-type GaN layer 118, 
it can be expressed that the first electrode contact layer 
108, the p-type GaN layer 118 and the second electrode 
contact layer 120 have an n-p-n junction. 

Here, the second electrode contact layer 120 alternate 
with each other at a thickness of 2 to 50 A, and the second 
electrode contact layer 120 has the maximum thickness under 
200 A. Also, the growing step can be performed by feeding N2, 
N2+H2 and NH3 gases and TMGa and TMIn sources in a growth 
temperature range from 700 to 850*0 in order to grow a high 



8 
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brightness light emitting device having a hetero-structure 
which is excellent in internal quantum efficiency and 
operating voltage characteristics. 

5 Second Embodiment 

FIG. 2 illustrates a structure of a nitride based 3-5- 
group compound semiconductor light emitting device according 
to a second embodiment of the present invention. 

The structure of the nitride based 3-5 group compound 
10 semiconductor light emitting device of this embodiment shown 
in FIG. 2 . is basically similar to that of the first 
embodiment except that an In^Gai-xN/InyGai-yN super lattice 
structure layer 210 is additionally placed underlying a first 
electrode contact layer 212 forming a heterostructure in 
15 order to minimize crystal defects originated from the 
mismatch of lattice constant and ' thermal expansion 
coefficient between a substrate 202 and a Si/In-doped GaN 
based single crystal layer 212. 

This structure can reduce dislocation density 
20 propagated from the substrate 202 and a low temperature 
buffer layer 204 to improve the reverse breakdown voltage Vbr 
of the light emitting device thereby improving the 
reliability thereof. 

The structure of the nitride based 3-5 group compound 
25 semiconductor light emitting device according to the second 
embodiment of the present invention will be described • an 
brief as follows. 

The buffer layer 204 is grown on the substrate 202^ and 
a . first electrode contact layer 212 is made of n-type GaN 
30 (codoped with Si and In) and a second electrode contact layer 
224 is grown to have an InxGai-xN/InyGai-yN super lattice 
•structure. The first and second electrode contact layers 212 
and 224 are provided with electrodes (not shown) , 
respectively, in following process steps so that external 
35 voltage can be applied thereto via the electrodes. 

The nitride based 3-5 group compound semiconductor 

9 • 
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light emitting device of the present invention also has an 
active layer 220 of a single quantum well .structure which is 
interposed between the first electrode contact layer 212 and 
the second electrode contact layer 224 to form a 
5 heterostructure. The active layer 220 includes a low mole 
In-doped InxGai-xN layer 214, an InxGai-yN well layer 216 and 
an InxGaa-xN barrier layer 218. 

In addition, the nitride based 3-5 group compound 
semiconductor light emitting device also has an In-doped GaN 

10 layer 206 and an undoped GaN layer 208 between- the buffer 
layer 204 and the first electrode contact layer 212. A p- 
t'ype GaN layer 222 is also' formed between the InxGai^xN 
barrier layer 218 and the second electrode contact layer 224. 
A fabrication method of the nitride based 3-5 group 

15 compound semiconductor light emitting device having the 
above-described structure is similar to that of the first 
embodiment, and therefore will not be described further. 

The second embodiment of this structure can -reduce 
dislocation density propagated from the substrate 202 and the 

20 buffer layer 204 to improve the reverse breakdown voltage Vbr 
of the light emitting device and therefore to improve the 
reliability thereof. * 

Third Embodiment 

25 FIG. 3 illustrates a structure of a nitride based 3-5 

group compound semiconductor light emitting device according 

to a third embodiment of the present invention. 

Referring to FIG- 3, this embodiment is generally 

similar to the first embodiment except that an In-doped GaN 
30 layer 318 is additionally interposed between a p-type GaN 

layer 320 and an InzGai-zN barrier layer 314 to f orm . a 

heterostructure . 

The additional In-doped GaN layer 318 can restrain the 

in-diffusion of Mg atoms used as dopant in the p-type GaN 
35 layer 320 thereby improving characteristics. The In-doped 

GaN layer 318 is grown to a thickness of 100 A or less. 

10 
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Hereinafter a* fabrication method of the semiconductor 
light emitting device of the third embodiment will be 
described. A buffer layer 304 is grown on a substrate 302, a 
first electrode contact layer 308 is made of an n-type GaN 
(codoped with Si and In), and a second electrode contact 
layer 322 is formed of. an InxGai«xN/InyGai-yN super lattice 
structure- Herein^ the first and second electrode contact 
layers 308 and 322 are provided with electrodes (not shown), 
respectively,- in following process steps so that external 
voltage can be applied thereto via the electrodes. 

The nitride based 3-5 group compound semiconductor 
light emitting device of the present invention also has an 
active layer 316 of a single quantum well structure which is 
interposed between the first electrode contact layer 308 and 
the second electrode contact layer 322 to form a 
heterostructure. The active layer 316 includes a low mole 
In-doped In^Gai-xN layer 310, an InxGai-yN well layer 312 and 
an InxGai-xN barrier layer 314. 

In addition, the nitride based 3-5 group compound • 
semiconductor light emitting device also has an In-doped GaN 
layer 306 between the buffer layer 304 and the^ first 
electrode contact layer 308/ and the p-type GaN layer 320 and 
the In-doped GaN layer 318 are placed between the InzGai-jN 
barrier layer 314 and the second electrode contact layer 322. 

As described above, the additional GaN layer 318 of 
this embodiment can restrain the in-diffusion of Mg atoms 
used as dopant in the p-type GaN layer 320. This embodiment 
can improve characteristics of the light emitting device. 

Fourth Embodiment 

FIG. 4 illustrates a structure of a nitride based 3-5 
group compound semiconductor light emitting device according 
to a fourth embodiment of the .present invention. 

Many parts of the fourth embodiment are the same as 
those of the third embodiment except that an In-doped GaN 
layer 4 06, an InxGai-xN/InyGai-yN super lattice structure layer 

11 
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408, an In-doped GaN layer 412 and an InxGai-xN/InyGai-yN super 
lattice structure layer 414 are additionally provided. The 
InxGai-xN/InyGai-yN super lattice structure layer 408, the In- 
doped GaN layer 412 and the . InxGai-xN/InyGai-yN super lattice 
5 structure layer 414 function to minimize crystal defects 
originated from the mismatch of lattice constant and thermal 
expansion coefficient from a substrate 402. Further, the 
InxGai-xN/InyGai-yN super lattice structure layer '408 can 
reduce dislocation density. propagated from the substrate 402 

10 and a low temperature buffer layer 404 to improve the reverse 
breakdown voltage Vbr of the light emitting device. 

Hereinafter a fabrication method of the semiconductor 
light emitting device of this embodiment will be described in 
detail with reference to FIG. 4. 

15 The GaN-based semiconductor buffer layer 404 is grown 

• on the sapphire substrate 402 at a low growth temperature. 
At the low growth temperature, the buffer layer 404 of the 
GaN-based semiconductor can be formed of an InGaN/GaN super 
lattice structure and a structure of InxGai-xN/GaN and 

20 AlxInyGai-x,yN/InxGai-xN/GaN. 

The buffer layer 404 formed on the substrate 402 as 
above can efficiently restrict crystal defects induced from 
the mismatch of thermal expansion coefficient and lattice 
constant between the substrate 4 02 and a GaN based single 

25 crystal layer grown on the substrate 402, thereby producing a 
high quality GaN-based semiconductor. 

Then, the In-doped GaN layer 406 is grown on the buffer 
layer 404- at a high growth temperature, and the InxGai- 
xN/InyGai-yN super lattice structure layer 4 08 is additionally 

30 formed on • the In-doped GaN layer 408 in order to minimize 
crystal defects originated from the mismatch of lattice 
constant and thermal expansion coefficient from the substrate 
402. 

This structure can reduce dislocation density 
35 propagated from the substrate 402 and the low temperature 
buffer layer 404 to improve the reverse breakdown voltage Vbr 

12 
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of the light emitting device .thereby improving the 
reliability thereof. 

Also^ the In-doped GaN layer 412 and the InxGai- 
xN/InyGai-yN super lattice structure layer 414 are 
5 additionally formed on the InxGai-xN/InyGai-yN super lattice 
structure layer 408 in order to further reduce crystal 
defects. 

Then, a Si/In-codoped GaN layer 416 is grown on the 
InxGai-xN/InyGai-yN super lattice structure layer 414. The 
10 Si/In-codoped GaN layer 416 is used as a first electrode 
contact layer. 

After that, a single quantum well layer is formed in an 
active layer 424 for emitting a desired wavelength range of 
light. More particularly, a low mode In-doped InxGai-xN layer 

15 418 (0 < X ^0.2) is first grown* in the active layer 424 in 
order to improve the internal quantum efficiency ^of the 
active layer 424. A quantum well structure including an 
InyGai-yN well layer 420 and an InzGai-zN barrier layer 422 of 
different In content " are grown on the low mole In-doped 

20 InxGai-xN layer 418 to complete the active layer. 

In the growing step, the active layer 424 of the single 
quantum well structure including the low mole In-doped InxGai- 
xN layer 418, the InyGai^yN well layer ,420 (0 < y ^0.35) and 
the In^Gai-zN barrier layer 422(0 <' z ^ 0.2) are grown by 

25 feeding N2 and H2+N2 gases and TMGa, TMIn and TMAl sources 
under NH3 atmosphere. The .low mole InxGai-xN layer 418 has a 
thickness of about 10 to 500 A, and its surface is uniformly 
grown in a spiral mode. 

The InGaN well layer 420 for emitting light is grown to 

30 a thickness of. 10 to 40A and the InGaN barrier layer 422 is 
grown to a thickness of 50 to 500A at a growth temperature 
of about 700 to BOCC. In addition, in order to realize high 
brightness light emitting device performance, it is necessary 
to maintain the uniform spiral mode from the surface of the 

35 low mole In-doped InxGai^xN layer 418 to the- InzGai-^N barrier 
layer 422. If the above growth conditions are satisfied, a 
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practical high brightness light emitting device can be 
fabricated through the formation of an active layer having a 
single quantiam well structure as well as that having a 
multiple quantum well structure. 
5 After the growth of the light-emitting active layer, 

the In-doped GaN layer 426 and a Mg-doped p-type GaN GaN 
based single crystal layer 428 are grown. The p-type GaN 
layer 428 is grown to a thickness of about 500 to SOOOA at a 
growth temperature of about 900 to 1020*G. 

io Then, after the p-type GaN layer 428 is grown, a second 

electrode contact layer 430 of an InxGai-xN/InyGai-yN super 
lattice structure (0 < y ^ 0.2, and 0 < x :^0."2) is grown on 
the p-type GaN layer 428 . Advantageously, the InxGai-xN/InyGai- 
yN super lattice structure can effectuate the current 

15 spreading of the second electrode contact layer 430, The 
electrode of the second electrode contact layer can be 
advantageously obtained from electrode metal the same as that 
of the first electrode contact layer 416. 

According to the nitride based 3-5 group compound 

20 semiconductor light emitting device of this embodiment, the 
first electrode contact layer 416 is formed of an n-type 
electrode contact layer and the second electrode contact 
layer 430 is formed of a n-type electrode contact layer. 
Since high contact resistance is originated from the low Mg 

25 doping efficiency of a p-type GaN layer used as a second 
electrode contact layer in a conventional nitride based 3-5 
group compound semiconductor light emitting device having 
first and second electrode contact layers, in. the form of n- 
type and p-type electrode contact layers, this embodiment can 

30 overcome the high contact resistance and remove a resultant 
current spreading layer. 

Regarding the relation with the p-type GaN layer 428, 
it can be expressed that the first electrode contact layer 
41.6, the p-type GaN layer 428 and the second electrode 

35 contact layer 430 have an n-p-n junction. The super lattice 
structure layers of the second electrode contact layer 430 
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alternate with each other at a thickness of 2 to 50A, and 
the second electrode contact layer 430 has the' maximum' 
thickness under 200 A. Also, the growing step can be 
performed by feeding N2+H2 and NH3 gases and TMGa and TMIn 
5 sources in a growth temperature range from 700 to 850 in 
order to grow a high brightness light emitting device having 
a hetero-structure excellent in internal quantum efficiency 
and operating voltage characteristics. 

10 Industrial Applicability 

According to the nitride based 3-5 group compound 
semiconductor light emitting device and its fabrication 
method of the present invention as set forth above, it* is 
possible to effectively restrain crystal . defects originated 

15 from the mismatch of thermal expansion coefficient and 
lattice constant between a substrate of for example sapphire 
and a GaN GaN based single crystal layer grown thereon 
thereby to grow high quality GaN-based semiconductors. In 
particular, an InxGai-xN/InyGai-yN super lattice structure is 

20 placed underlying a Si/In-codoped GaN layer used as a first 
electrode contact layer thereby to further restrain crystal 
defects . 

Also, a low mole In-doped InxGai-xN is added in order to 
raise the internal quantum efficiency of an active layer 

25 . thereby uniformly controlling the growth mode of a quantum 
well. Since the InxGai-xN/InyGai-yN super lattice structure is 
used as a. second electrode contact layer, operating voltage 
can be reduced. As a consequence, the present invention can 
advantageously reduce crystal defects of a nitride based 3-5 

30 group compound semicpnductor light emitting device as well as 
improve the crystallinity of a GaN GaN based single crystal 
layer, thereby improving the performance' and reliability of 
the nitride based 3-5 group compound semiconductor light 
emitting device. 

35 
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Claims 

1. A nitride based 3-5 group compound semiconductor 
light emitting device comprising: 

a substrate; 

a buffer layer formed above the substrate; 

a first In-doped GaN layer formed above the buffer 

layer; 

an InxGai-xN/InyGai.yN super lattice structure layer 
formed above the first In-doped GaN layer; 

a first electrode contact layer formed above the 
InxGai-xN/InyGai-yN super lattice structure layer; 

an active layer formed above the first electrode 
contact layer and functioning to emit light; 

a second In-doped GaN layer; 

a GaN layer formed above the second In-doped GaN layer; 

and 

a second electrode contact layer formed above the GaN 

layer. 

2. The device according to claim 1, wherein the second 
electrode contact layer is an n-type electrode contact layer. 

3- The device according to claim 1, wherein the buffer 
layer comprises one selected from the group consisting of an 
InGaN/GaN super lattice structure, an InxGai-xN/GaN structure 
and an AlxInyGai-x,yN/InxGai^xN/GaN structure. 

4. The device according to claim 1, wherein, the first 
electrode contact layer comprises a Si/In-codoped GaN layer. 

5. The device according to claim 1, wherein the active 
layer comprises a single or multiple quantum well structure. 

6. The device according to claim 1, wherein the active 
layer comprises a single or multiple quantum well structure, 
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including a low mole In-doped In^Gai-xN layer, an InyGai-yN 
well layer and an InzGai-zN barrier layer. - ■ 

7. The device according to claim 6, wherein the low 
5 mole In-doped InxGai-xN layer has an In content smaller than 

that of the InzGaj-zN barrier layer. 

8. The device according to claim 6, wherein the low 
mole In-doped InxGai-xN layer, the InyGai-yN well layer and the 

10 InzGai-zN barrier layer have an In content expressed as 0 < x 
< 0.05, 0 < y < 0.3 and 0 < z < 0.1, respectively... 

9. The device according to claim 6, wherein • the low 
mole In-doped InxGai-xN layer has a surface configuration that 

15 is grown in a spiral mode. 

10. The device according to claim 6, wherein the low 
mole In-doped InxGai-xN layer has a surface configuration that 
is grown in a spiral mode, and wherein the spiral mode is 

20 extended to the surface of the InzGai-zN barrier layer. 

11. The device according to claim 1, wherein the 
second electrode contact layer comprises an InxGai-xN/InyGai-yN 
super lattice structure. 

25 . 

12. The device according to claim 1, wherein the low 
mole In-doped InxGai-xN layer and the InxGai-xN/InyGai-yN super 
lattice structure, layer formed thereon are repeatedly layered 
in plurality. 

30 . ■ ' 

13. A nitride based 3-5 group compound semiconductor 
light emitting device comprising: ' . . . 

a substrate; 

a buffer layer formed . above the substrate; 
35. • a first In-doped .GaN layer formed above the buffer 

layer; 
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a first electrode contact layer formed above the first 
In-doped GaN layer; 

an active layer formed above the first electrode 
contact layer and functioning to emit light; 
5 a GaN layer formed above the active layer; and 

a second electrode contact layer formed above the GaN 

layer. 

14. The device according to claim 13, wherein the 
10 second electrode contact layer is an n-type electrode contact* 

.layer. 

15. The device according to claim 13^ further 
comprising a second In-doped GaN layer formed between the 

15 active layer and the p-type GaN layer. 

16. The device according to claim 13, further 
comprising an InxGai^xN/InyGai^yN super lattice structure layer 

\ formed between the . first In-doped GaN layer and the first 
20 electrode contact layer. 

17. The device according to claim 13, further 
comprising an InxGai-xN/InyGai-yN super lattice structure and 
an undoped GaN layer between the first In-doped GaN layer and 

25 the first electrode contact layer. 

18. The device according to claim 13, wherein the 
buffer layer comprises one selected from the group consisting 
of an InGaN/GaN super lattice structure, InxGai-xN/GaN 

30 structure and an AlxInyGai.x,yN/InxGai-xN/GaN structure. 

19. The device according to claim 13, wherein the 
first electrode contact layer comprises a Si/In-codoped GaN 
layer. 

35 

20. The device according to claim 13, wherein the 
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active layer comprises a single or multiple quantum well 
structure. 

21. The device according to claim 13, wherein the 
active layer comprises a single or multiple quantum well 
structure, including a low mole In-doped InxGai-xN layer, an 
InyGai-yN well layer and an InjGai^zN barrier layer. 

22. The device according to claim 21, wherein the low 
mole In-doped InxGai-xN layer has an In content smaller than 
that of the InzGai^^N barrier layer. 

23. The device according to claim 21, wherein the low 
mole In-doped In^Gai-xN layer, the InyGaiLyN well layer and the 
InzGai-zN barrier layer have an In content expressed as 0 < x 
<0.05, 0<y<0.3 and 0 < z < 0.1, respectively. 

24. The device according to claim 21, wherein the low 
mole In-doped InxGai-xN layer has a surface configuration that 
is grown in a spiral mode. 

25. The device according to claim 21, wherein the low 
mole In-doped In^tGai-xN layer has a surface configuration that 
is grown in a spiral mode, and wherein the spiral mode is 
extended to the surface of the IngGai-gN barrier layer. 

26. The device according to claim 13, wherein the 
second electrode contact layer comprises an InxGai-xN/InyGai-yN 
super lattice structure. 

27. A fabrication method of a nitride based 3-5 group 
compound semiconductor light emitting device, comprising: 

forming a buffer layer above a substrate; 

forming a first. In-doped GaN layer above the buffer 

layer; 

forming a first electrode contact layer above the first 
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In-doped GaN layers- 
forming an active layer for emitting light above, the 

first electrode contact layers- 
forming a GaN layer above the active layer; and 
forming a second electrode contact layer above the GaN 

layer, 

28; The fabrication method according to claim 21, 
wherein the second electrode contact layer is an n-type 
electrode contact layer. 

29. The fabrication method according to claim 21, 
wherein the first electrode contact layer comprises a Si/In- 
codoped GaN layer. 

30. The fabrication method according .to claim 21, 
wherein the second electrode contact layer comprises an 
InxGai-xN/InyGai-yN super lattice structure layer. 

31. The fabrication method according to claim 21, 
wherein the active layer comprises a single or multiple 
quantum well structure, including a low mole In-doped IhxGai^ 
xN layer, an InyQai^yN well layer and an InjGai-zN barrier 
layer. 

32. The fabrication method according to claim 31, 
wherein the low mole In-doped InxGai-xN layer is grown to have 
a surface configuration in a spiral mode. 

33. The fabrication method according to claim 31, 
wherein the low mole In-doped InxGai-xN layer is grown into a 
surface configuration of a spiral mode, wherein the spiral 
mode is extended to the surface of the InzGai-zN barrier 
layer. 

34. A nitride based 3-5 group compound semiconductor 
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light emitting device comprising: 

a substrate; ... 

a buffer layer formed above the substrate; 

a first electrode contact layer formed above the GaN 
5 buffer layer; 

an active layer formed above the first electrode 
contact layer, and including a low mole In-doped InxGai-xN 
layer, an InyGai-yN well layer and an InzGai-jN barrier layer; 

a GaN layer formed above the active layer;* and 
10 a second electrode contact layer formed above the GaN 

layer. 

35. The device according to claim 34, wherein the 
second electrode contact layer is an n-type electrode contact 

15 layer. 

36. The device according to claim 34, wherein the low 
mole In-doped InxGai-xN layer has an In content smaller than 
that of the InzGai-^N barrier layer. 

20 

37. The device according to claim 34, wherein the low 
mole In-doped In^Gai-xN layer, the InyGai-yN well layer and the 
InzGai-zN barrier layer have an In content expressed as 0 < x 
< 0.05, 0 .< y < 0.3 and 0 < z < 0.1, respectively. 

25 

38. The device according to claim 34, wherein the low 
mole In-doped InxGai-xN layer has a surface configuration that 
is grown in a spiral mode. 

30 39. The device according to claim 34/ wherein the low 

mole In-doped InxGai-xN layer has a surface configuration that 
is grown in a spiral mode, wherein the spiral mode is 
extended to the surface of the InzGai-zN barrier layer. 
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FIG. 2 
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FIG. 3 
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FIG 4 . 
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